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SnMMAET 

Teats vore made to dotemliLO the offoct of mlzturea 
of aylldlnea and -ftB-3'-28 fuel on the fcnock-limltod per- 
formanco of amall-Bcale' engines. A]it*T-«22 fiiol with no 
zylldines addod an^ with additions of 1 and 3 percent sgr- 
lldinoB was tested In a 17.6 engine undor suporcharged 
conditions. Data were o'btalnod on this onglno at engine 
speeds of ISOO and 27^0 Inlet-air temporaturos 

of 150°, 250^, and 325° Batlngs wore oT^tained for all 
hlends on standard rating engines for the 3"C, the 1-C| 
and the A.S.X.H. (Motor) Methods. 

lEho results are suimnarlzod in the following tahles: 



TABLE I. - EETECT OF IIIUjT-AIS TKiPS^ikTOSE OS KITOGE- 
LIHITED ISDIGATED KBA37 ETI^CTIVI FUDSSDEB! 

Cl7«6 engine; enjglne speodi 27OO rpm3 



Inlet-air tonroerature. 




Isicp, It/aq. in. 




IViol 


r/A = 0.065 


r/A 


= 0.10 




150 


250 


325 


150 


250 


325 


AS-V^ZS + 1 percent siylldlnes 
AK-T-28 + 3 percent sylldlnea 


102 
91 
S7 


81 

11 


70 
66 

63 


222 
211 
201 


176 
166 

157 


155 
ih5 
136 



TABEB II. - mnsoT or mmm sebsd oit kuock-iimited 

ISDIGATSmD mean mFFBCTIVZ FHESSUBE 
1^17*6 onglne; Inlet-alr temperature, 250^ 3P 





Xngine speedi 






Imopt I'b/aq. in. 


Tool 






r/A : 


= 0.065 


?/A = 


0.10 




1/ — 




1800 


2700 


1800 


2700 


ASt-F-2g 






81 


156 


176 


AIir-T-*28 + 1 percont jcylldlnes 






u 


159 


166 


AIt-ir-281 + 3 percent zylldines 




63 




17»^ 


157 



TABLE HI. - BF!B!E!CT QT ZXLXDHIES IN TEE 8TASDARD 
SATING ZRCINES 




Modified 3-C 



Bloh 



Ferfoxnanod 
number 



Loan 



S-2-Hcl TEL 



Octane 



number 



(Motor) 



AN-P-28 130 
AN-F-28 + 1 percent aylidlnee 135 
AN-F-28 + 3 percent zylldlne&l 14!^ 



105 
110 
105 



0.08 
.06 
.05 



99.5 
99.2 
97.1 



nniBODOCTIOH 



The data presented In this report are part of a jjeneral 
program to detexralne the effects of zylldines on the knock* 
limited perfonnance of currently used aviation fuels. This 
work has "been req.ufiqted oj the k^my Air Forces and is "being 
conducted at the Kcblonal /.dvlsciv Caanclttee for Aeronautics, 
Aircraft Engine Beseech Luhoratory, Cleyeland, Ohio. The 
data vere obtained during July 1343. 



The tests vere conducted on an engine of 17.6-cublc-lnch 
displacement, and on three standard rating engines: a modified 
3-C engine, a 1-C (Aviation) engine, and an A.S.T.M. (Motor) 
engine. 

The 17.6 engine . - The 17.6 engine le a elnijle-cyllnder 
test engine vlth a stroke of 3|. inches, a hore of Sg Inches, and 

a ccmpresslon ratio of 7.0. An AFD-3-C Injection elbow was 
used. Fuel was Injected during the Inlet stroke into the Inlet 
manifold parallel to the flew of air. Knock was detected hy a 
cathode-ray csolUosccpe In conjunction with a modified Stancal 
pickup unit'. 

The testa on the 17.6 engine were run at the following 
test conditions: 

Engine speed, rpm 1800, 2700 

Ccmpresslon ratio 7.0 
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Inlet-coolant temperature, ?V n • . 
Ixilet-alr t'epq)erature, 9? . • • • . 
Spark advance , deg B.T.C. (optimum) 
Injection tlmlxijs^ deg A;T;&. ^ • w 



, .... 250 

150, 25Q, 325 



40 
60 



The modified 3-0 engine . - The modified 3-C engine Instal- 
lation oonfoxmed to CRO desl^joatlon F-4-445, dated April 20, 
1943, vlth the exception of the fuel system and the method of 
ksoolc detection. In place of the re fluxing fuel aystem, a 
cooling method vas used In uhlch the fuel vas circulated through 
a primary pump, a fuel cooler, and hack Into the Injeotlon-ptonp 
gallery. Knock vas detected hy a modified Stemcal pickup unit 
In conjunction with a cathode-ray oscilloscope. Incipient 
detonation vas taken as the criterion of knock. 

The 1-C (Aviation) engine . * The 1-C (Aviation) engine 

conformed to AN-W-F-746 specification, amendbnent 1, dated 
November 5, 1940. 

The A.S.T.M, (Motor) engine . - The A.S.T.M. (Mcytor) enjlne 
confozmad to A.S.T.M. designation D 357-39-T. 



The 17.6 engine . - At an engine speed of 2700 rpm, the 
addition of ^lldlnes to AV-F-HS fuel decreased the knock- 
limited Indicated mean effective pressure 5 to 11 percent for 
a 1-percent addition and 9 to 15 percent for a 3-percent addi- 
tion. (See tahle I In summary.) At an engine speed of 2700 rpa, 
the addition of zylldlnee to An-F-2B fuel apparently had little 
or no effect on the temperature sensitivity of the fuel as meas- 
lured by the percentage decrease In penalsslble pover vlth a 
given Increase In temperature. 

At an engine speed of 1800 rpm (table II), the addition of 

I percent of xylldlnes to AN-F-26 fuel had little effect on per- 
missible pover. The tondenqy, however, was to decrease the lean- 
region power and to Increase the rich-region power. The addi- 
tion of 3 percent of xylldlnes to the An-F-28 fuel decreased 

the permissible Indicated mean effective pressure approximately 

II percent at a fuel-air z<atlo of 0.065 and Increased It ap- 
proximately 12 percent at a fuel-air ratio of 0.10. 

The addition of xylldlnes to AN-F-28 fuel tended to In- 
crease the Indicated specific fuel consumption. This Increase 
was particularly noticeable at the higher Inlet-alr tempera- 
tures. (See figs. 1, 2, 3, and 4.) 



DIBCUSSION OF BESDLTS 



Vhen the engine vas dlfloantlod at the end of this series 
of testSi a rather hoayy degposlt was found on the Intake velye. 

StojidarcL rating ongines , - Modified y-C rp-tin^jB vjco pro^ 
Bcntod in figuros 5f 6, and 7- rich ratines showed an 

Increano In performance nomhor diroctlj proportional to tho 
amount of lylldlnos. Tho Indicatod-Hpoclflc-fuol-coneaniptlon 
curves coincided igp to a fuol-air ratio of O.IO. 

Iho 1-G rntir^s on the hlonds indicated that addition of 
Dcylidlnco progroasivoly loworod tho rating of AN-T-2E fuel; 
tho differences shown "by those ratings were, hov/over, (luito 
small. Two rntini;s wore made on each hlond and tho average 
deviation was 0.03 ml tetraotbyl lead. 

A.S.T.H. (Motor) Method tents showed a dooidod docroano 
in octano nuribor for the 3^porcent xylidlno T)lcnd. Jive tests 
on orx!h fuel wore nado; tho avora.'^o deviation was Omh octpjio 
nuiaibor. 

Rcsultn of the standard rating methods arc prosontod in 
table III of the sunnary. 
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Fuel-air ratio 

Figure I. - Effect of addition of xylidines on knock-limited performance of 
AN-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 
2700 rpm; inlet-air temperature, 150° F; spark advance. 40° B.T.C. ; inlet- 
coolant temperature, 250° F. 
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Figure I. - Concluded. Effect of addition of xylidines on knock-limited performance 
of AN-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 2700 rpm; 
inlet-air temperature, 150° F; spark advance, 40° B.T.C. ; inlet-coolant temperature, 
250° F. 




Fuel-air ratio 

Figure 2. - Effect of addition of xylidines on knook-1 imi ted performance of 
AN-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 
2700 rpm; inlet-air temperature, 250^ F; spark advance, 40^ B.T.C.; inlet- 
coolant temperature, 250° F, 
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Fuel-air ratio 

Figure 2. - Conoluded. Effect of addition of xylidines on knock-limi ted performance 
of AN-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 2700 rpm; 
inlet-air temperature, 250^ F; spark advance, 40^ B.T.C.; inlet-coolant temperature, 
250^ F. 
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Fuel-air ratio 

Figure 3. - Effect of addition of xylidines on knock-limited performance of 
AN-F-23 fuel in a 17,6 engine. Compression ratio, 7.0; engine speed, 
2700 rpm; inlet-air temperature, 325° F; spark advance, 40° B.T.C.; inlet- 
coolant temperature, 250° F. 
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Figure 3. - Concluded. Effect of addition of xylidines on knock-limited performance 
of Afl-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 2700 rpm; 
inlet-air temperature, 325^ F; spark advance, 40*^ B.T.C.; inlet-coolant temperature, 
250O F. ' 
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Figure 4. - Effect of addition of xylidines on knock-limited performance of 
AN-F-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 
1800 rpm; inlet-air temperature, 250° F; spark advance, 40° B.T.C. ; inlet- 
coolant temperature, 250° F. 
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Fuel-air ratio 

Figure 4. - Concluded. Effect of addition of xylidines on knock-limited performance 
of AN-P-28 fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 1800 rpm; 
inlet-air temperature, 250° F; spark advance, 40° B.T.C.; inlet-coolant temperature-, 
250° P. 
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Puel-air ratio 
Figure 5. - Modified 3-C rating of AN-F-2S fuel. 

Rioh-mijcture rating: S-2 + 1,43 ml TEL (130 Performance Number) 
Lean-mixture rating: S-2 + 0, 10 ml TEL ( JOS Performance Number) 
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Fuel-air ratio 

Figure 6. - Modified 3-C rating of AN-F-2S fuel plus l-percent xylidines. 

Rich-mixture rating: S-2 + 1.84 ml TEL (135 Pefformance Number) 
Loan-mixture rating: S-2 + 0-23 ml TEL (110 Performance Number) 
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B'uel-air ratio 

Figure 7. - Modified 3-C rating of AN-F-28 fuel plus 3-percent xylidinea. 

Rich-mixture rating: S-2 + 2.88 ml TEL (145 Performance Number) 
Lean-mixture rating: S-2 + 0. 13 mi TEL ( (05 Performance Number) 



